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! BACKGROUND OF THE INVENTION 
[00011 Fieldoffcemvention: The present invention relates generally to the attachment 
of .ires cables or oiher conduits to flexible Structures, of between multiple structures expected 
to exhibit relativembtionfcerebetween, and, more particularly, to tb e employment of such W1 res, 

cables or conduits irihigh*****^^ 
wires.cablesorcontomsuchs^dnand 

other natural and induced environments. 

IOO02] StateoftheArt: Wires, cables and other conduits, re fcrred to collectively herem 

astransnussionhnes,^^ . „ 

applications. Such transmission lines may transmit power or signals, for example, electncally, 
hydraulicallyorpneumatically. Often ^.transmission lines are attached to an associated 

strcctureforwhiehmet^^ 
example, transmission lines^ 

buildings, cars, transport; vehicles, railway cats, aerospace vehicles and numerous other 
structures to deliver powder to, or communicate with, various components of such structures. 

[0003] In numerous applications, the structure to which the transmission hues are 
attached may experience: forces or motions which place a Strain on the transmission lines. 
Alternatively, the transmit lines maybe coupled between multiple structures,;or between 
muitiplecomponent^ 

structures may iudufce strain therein. ^ 
[0004] For example, transmission lines are conventionally attached to a rocket motor s 

casmgforpowermgiandcontroUmgcomponentsassociatea^ A 
c^ventionairocketmotormaymclu^ 

fibers or filaments andabonding agent and which is configured to accommodate a relatively 
large amount of strain during operation of the rocket motor. For example, operational stresses 
applied to the casing of a conventional rocket motor may result in a strain exhibited as an 
elongation of the casing oiVto2%. AW^l^^^*^"™ 10 " 
cause a radial defbrmationofthe casing. Transmission lines conventionally attached to such a 
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ering may «p«ie|ce m«ta»cal degradation and powjM failure wtar expoaad to W> 

atm mhightstrain mdgmtudes. • ■ 

[00051 In aneffortto reduce the strain experienced by transmission lines in such service, 
various techniques and systems have been emplpyed. However, such conventional techniques 
and systems are expensive and require an extensi ve amount of time and labor to install. For 

brackets, clamps anil covers, to install the requisite raceways Which house transmission hues 
associated with the rocket motor. Additionally, installation of such a raceway systemmay 
require several weeks of intensive labor. i 

rocket motor 102, is 1 shown, ^raceway ij»ii«^*lMm*^*-^1— 
104 which transmiisioh tmes may include various configurations and sizes Of wires, cables and 
conduits. Tne transmission lines 104 may even include destruct charges 104A whichare 
configured to destroy the rocket motor 102 in the case of pn errant rocket path, as will be 
appreciated by those of ordinary skill in the art. : 

(00071 ClampinRmechanisms 106 may be employed to bundle multiple transmission 
lines 104 together, the transmission Unes 104 and/or ^clamping mechanisms 106 may be 
coupled to variousbrackets 108, wmeh may m turn be attached to me casing 110 of the rocket 
motor 102 by means Of fasteners or through use ; of an adhesive. Covers 112 of various 
configurations serve to conceal and protect the transmission lines 104 from an external 
atmosphere and proyide a more aerodynamic profile on the rocket motor exterior. 

[0008] Numerous design requirements must be met in implementing the raceway 100 
wimtherocketmotor M Forexample, eachbracket 108 may need to be individually tested 

upon assembly. Any adhesive or shear ply usedin the installation of the raceway 100 must be 

abletowithstandlocalelohgationtransferre^ 

raceway covers 112 must be designed to slide relative to other components during operation of 
therocket motor 102 so as to prevent mechanical damage to themseWes or other components of 
the raceway 100. For example, slots may be formed in toe covers 112, allowing fasteners to be 
placed therethrough thereby maintaining the cover in a substantially fixed radial position 
relative to the rocket motor 102, but allowing the covers 112 a limited amount of longitudinal 
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^o^y app>i«d **« =d*« during _t* Also, - <•<>» - «*» 
[00101 Tta S i= 1 «mb«^.'^^ :otte ^ P ^° D,,n ' Ula6C 

company or c**^ which eloagato to various tat- — — » 

fcvfce and a mdhod to alto^ transmit B» to ot;b«»«o structure* -d «ta* 

1 tuemal and ehsirotoneatal pritection to ftttwimiMion ]ta» 

(00131 It woiMtekiittoMlly advarrfcgsous to prp^ • device and a m«*od tot 
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] BRIEF SUMMARY OF THE INVENTION 
,0014] to «c«*tal<» «i* »» "«riaon. a control dsvice i. provided. 

1 d efi^ia tt ..fta.^.«e»ndop^Ud e ftaedi4d»s«oudend. 
fcnnod in the sorface of the body »ch that the at le« one cavity k in comm«nic. ft on wtth the 
foaandaecnndenda. A^n By of« MJtt J^«vhyUde n ne<t«l^P^y.» 
totado a ft* anbstaially linear wall and a second oppojnng wall which deviates fit*, the «rs 
^^O^L wall.; fneaecond opposins »* may jnctade a enrved configure wft at 

least a portion exhibiting a constant radius. 

[0015) to accordance with another aspect of the invention, another strain control device is 

provided. The strain codtoidev^ 

plurality of openings is defined in the tot***^*^*"^*^" 
the second end. Apinrdityofcavities isformedinasur^eofftebody, wim each cavity of the 

plurality being in communication with an opening of the first plurality of openings and an 
op^ineofthesecondpl^pfopenrngs. Hrftfte^*^* 1 " 1 ^ 8 
periphery which is at least partially definedby a first substantially linear wall and a second 
opposing wall which deviates from the first substantially Unear wall. 

l0 016i In accordant with another aspect of the invention, another strain control dev.ee is 
provided. The strain control device includes a body havirig a first end and a second end. At least 
I onecavityisformedm^ ThejtJeM^e 
1 cavity is configured receive at least a portion of a transmission line therein and defines a 
deviation path for that portion of the traiisirission line, I 

[00171 In accordance with another aspect of the invention, a rocket motor is provided. 
The rocketmotorinbludesarocket casing *W*M»*^<**^f* 
The body includes 4 fir* end and a second end With a first opening bemg defined in me first end 

body, with theiiUe^^ 
peripheral boundaryiofm^^^ 

Iteearwallandasecondopposingwallwhichdev^ . 

[0018) In accordance with another aspect of the invention, another strain control device is 
provided. The strain control device includes a body having a first grasping member configured 
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to Mctionally engage afirs^^ 

configured to MctioUy ^•^pori«rfitoi«^«-- At least one cavity is 
whei^ttejU^ 

,ine therein and d^ste a deviation path for the third portion of the transmission hne. 

10019] In accordance with another aspect of the present invention, a method of 
contmllingsfcain^ The method includes providing abody, 

forming ana first opening in a first end of the body, fonnihg a second opening in a second end of 
the body, and forming a cavity in a surface of the body between and in communication with the 
first and second openings. The cavity is defined by a peripheral boundary which includes a first 
substantially linear wall and a second opposing wall which deviates from the JrsLsubita^lly 
linear wall. The method: further includes positioning a transmission line within the cavity such 
that it extends from the first opening, through the cavity and through foe second opening. 

[0020] In accordance with another aspect of the ptjesent invention, another method of 
controlling strain in |a transmission line is provided. The foefood includes providing abody 
having a first grasping member and a second grasping member^ forming a cavity m foe body 
in communication With the first and second grasping mes*Mm£m the MVlty 18 

configured to provide a deviation pafo to foe transmission; line. A first portion of foe 
transmission line is MctionaUy engaged with foe first grasping member, a second portion of foe 
transmission line is nationally engaged with the second grasping member, and a third portion of 
the transmission line is disposed within foe cavity. 

[0021] In accordance with another aspect of foe present invention, a method of forming a 
strain control device is provided. Tne method includes providing a body, forming a first opening 
in a first end of foe body, forming a second opening in a second end of foe body, and forming at 
least one cavity in ^surface of the body in communication with the first and second openings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
(0022] The foregoing and other advantages of the invention will become apparent upon 

reading foe following detailed description and upon reference to foe drawings in which: 

[0023] FIG. 1 is a cross sectional view of a prior art raceway used to house transmission 

lines associated with a rocket motor, 
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[0024] FIG. 'i is aperspective view of one embodiment of a strain control device 
according to Ae present invention; 

100251 FIG. 3 is a perspective view of the device shown in FIG. 2 with its i 

cover removed; 

[0026] FIG 4 shows a cross section of the device shown in FIGS, 2 and 3; 

[0027] HG. t is a graphic depicting the potential deviation path of a transmission hne 

installed in the device shown in FIGS. 2 and 3; 

[0028] FIGS. 6Aand6B show a cross sectional view of the device shown m FIG,. 3 with 

a transmission line installed therein; 
| |00291 FIG. 7 iaigfaph of a potential transmission line path indicating various 

associated wfoi deterinimng , flB tapifc^iw*l»«« ldaf 



the present invention; 

[0030] FIG. 8 is a perspective view of anolher embodiment of me present invention; 
[0031] Fie.^sftft6ispective view of another embodiment of the strain control device of 

the present invention; . 
[0032] FIG. 10 iaapeispectiveview of another embodiment of the strain control device 

of me present invention with its associated cover removed; and 

[0033] FIG. 11 shows m^^i^^htvMbi^m^^'^ 
embodiments of theipreseht invention. • i 

, < ' . i . 

1 DETAILED DESCRIPTION OF THE INVENTION 
I [00341 Referrmgtb^^ 

' body 202 and a cover 204 boperatively mated with the body 202. An opening 206 or a port is 
formed through the end iOSofthe body 202. A similar opening 210 (FIG. 3) is formed through 
the opposite end 212 of the body 202. 

[00351 Referring to FIG. 3, the body 202;is shownjwith the cover 204 removed 
therefrom, Tne body 202!may be described as including a first body section 211 andasecond 
body section 213. The first body section 21 1 includes a first cavity 2 1 4 formed in the upper 
I surf^ieofthebbdylO^ 
' and an opposingcurV^ 

I At oneendofthejkcavity214.the substantially linearwall218 and the opposing curved waU 
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which doe, 00. inehid. .Wot* 222 (U, » -P^re havilg a conlinud ^mm^ 
pSyinh^^ed^of^ 

226 aadahyt^mittiohUaa^^ 

',0.371 The .eco»d body section 2» inclitdes . second cavity 226 which is 

X.^230. '^^cen^ofU-hody^^C^edo^^-e. - 

230 «. to de«n. a ^ avoids! corve openid, onto upper surfece 2 16 of 

briefly to FIG. 4, a hmgitodhal +. ..cflonal view of the body 202, 

adjoining cavities 2 U The opw-dty <*™* conflagration of the walla 218 220, 228 

art 230 allows the waKtt niore naturally hansidon into ihe opening, 206. 210 and 224 
Additional while ihe wtdle 218, 220, 228 ,** 230 might he formed to exhibit m angnl* 
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200 * 

'l0039i The cUitiei 214 and 226 as thus configured provide . devtodon path for . 

1 ^d^co^isfenned. Al-^f^-'^'r 

,00401 Mj^TOtt-*«ta-^«- M0,, * , "- ,, ^ ,4 -" i " 
body iOjjttatodtog the concept of to deviadon pad. shown to FIG. 5. Id BB. 6A. the 
ttaKmfasfcm^tota^edtait..^ * 

might be considered 1 conairicfion points, ea wilt beeome more evident below. 
^Bsocite. motor cstog:2o2, .Ithoosh odw atnretdm, are conten.pl.te4. The body 202 
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may be attached by adhesive, through the use offastener^or through other techniques as 

understood by those jof Skill in the art 

[0042] During operation of a rocket motor, the casing 252 is subject to numerous forces, 
including internal arid external pressure environments, which induce strain in the casing 252. 
The induced strain may result in elongation, contraction or other flexure of the casing 252. The 
body 202 is designed to withstand strains similar to that seen in the rocket motor casing 252. To 
accommodate such strain, the body 202 may be formed of an elastomeric material such as 
neoprene rubber, although other materials are contemplated. Additionally, forming the body of 
such a flexible conf6rmable material may allow the body &02 to be installed on structures of 
| various configurations, for example, by cooperatively mating with the radial surface of the rocket 

motor casing 252. ; . . , 
I [00431 Referring*) FIG. 6B, when the rocket motor casing 252 is strained, forexample, 

in an elongating fashion, the body 202 is formulated, configured and attached to the rocket motor 
I casing 252 to correspondhlgly elongate therewith. During elongation of the body 202, the 

openings 206, 210 and 224 substantially maintain their gr^sp on the transmission line 250 and 
I cause the transmission line 1 250 to deviate from its nominal transmissionjine path 240 (FIG. 5) 

and straighten such^^^^ 

other words, it approaches *nd/or reaches the linear boundary 242 (FIG. 5) of its deviation path. 

[00441 A similar reaction occurs when a bngitudinally contracting strain is induced into 
me body 202. However • Upon contraction of the body 202, the transmission line 250 would 
I become displaced, or deviate, from its nominal transmission^ path 240 (FIG. 5) toward the 
curved walls 220 and 230,;Or:toward the curved boundary! 244 (FIG. 5) ofits deviation path. 

(0045) Thusj thebody 202 is formulated land configured to absorb the strain induced by 
the structure to which it is attached (or induced by the relative movement of multiple structures 
between which it is 'attached) while substantially isolating!** strain from the transmission line 
250. The body 202 may be designed such that it isolates the transmission line 250 from all of the 
expected strain produced by a given structure, or it may be designed such that a limited amount 
of strain may be mtimately transferred to the transmission line 250, 

[0046] Refetring riow to FIG. 7, the design and configuration of the maximum geometric 
deviationpattlengtoforacurvedboundary2 ^ 
curved boundary 24* is defined as being an arc extenmngithrough an angle of 2A (in radians), 

i • , 
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haviagaradiuso^ 

defined to have .length 2t. The distance between the to boundary 242 and the center 260 of 
the curvedboundary 244 is defined as D. The equations used to determine the maximum 
deviation path length for such a configuration are as follows: 

[00471 EQ. 1: ^-cos-'j^j 

[00481 EQ.2: S±ZM and 

[00491 EQ. i: El6rtgdtlon(3trairi) = ~- 

[00501 Thus] starting with an anticipated value of maximum elongation (either calculated 
or measured) and an 1 initial length (2L) of me linear boundary 242, one can solvefor the arc 
length (S) of the curved boundary 244 using EQi 3. Selecting a desired radius (R) and having 

I 244. which may in turn beased to solve for the distance (D) between the center 260 of the 
curvedboundary 244 andme linear boundary 242 usingEQ. 1. 

[00511 For example, in designing the deviation path for a JM cavity 214 in the body 202 
shown in HG. 23, one may start with an initial arain of approximately 2.5% (or 0.025 inches per 
inch). WimanneJ,bounoa^^ 

16 inches, the above equations can be solved to determmt that the arc length S of the 
K^KU^bounda^ 

2A of approximately 0.76875 radians (or approximately 44*). 

[00521 It is noted that while the above exemplary equations are for a deviation path 
havingacurvedboundary 244. of a constant radius, omernonlmear boundary configurations may 
be utilized. For example, * zigzag pattern, ellipses, parabolas, hyperbolas or any path that 
deviates from me linear boundary 242 may be utilized. Additionally, the cavity and the 
deviation path defined thereby need not include a substantially linear wall. For example, w.th 
reference to FIG. 8, a cavity 214' may be formed having a first nonlinear wall 246 and a second 
opposing nonlinear wall 248 if so desired. Additionally, While most of the cavities have been 
defined having walls which define a generally tt* a W^ two Aen^ deviation path, a 

Ikto dmicnii^iir'fM ^^^^ 1 ^^ 011 ^ may b * dofil " 5d 
desired. 
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[0053] Additionally, while certain examples havefceen set forth above, the strain control 
device 200 maybe formed of various materials using various methods of construction. For 
example, as mentioned above, the body 202 may be formed of a neoprene rubber. However, 
numerous materials fraving various densities and mechanical properties may be used depending 
on the conditions of! service the strain control device 200 is expected* experience. Thus, the 
body 202 may be fortnedof a te^iensMM^ foam, ala^e^higfcd^y. rubber, 
or any of a number of materials of varying density in between, Another exemplary material may 
include a polyurethane which is amenable to forming dasMeftsfc^^ «olds. 

[0054J The oody 202 may include nucroballoons to vary the density as desired, fiber 
reinforcement, suchas glass or carbon fibers, totailor the: mechanical properties, or the addition 
of various filler materials such as, for example, Silica for thermal resistance. With such 
flexibility in composition, foe.strain control device 200 may be customized and tailored for 
I various environments arid conditions. For example, it mm be desirable to limit meamountof 
' strain or elongation exhibited by the body 202 during operation. Thus, the inclusion of fiber 

reinforcing members in the body may allow me amount of elongation exhibited by the body 202 
| to be limited to a permitted amount, thereby preventing potential damage to the body 202 
and/or any transmission lines disposed therein. , 

[0055] PtartlL. liifrbody 202 suqt. even be fi»mad;of a maftojal vdiiidi varies in densi^r 
| and/or composition from one portion of the body 202 to another, thereby allowing a very high 
degree of customization.: 

10056] The ability to form the body 202 from numerous materials also allows for 
flexibility in manufacturing. Desirably, the body is formed from a molding process or from an 
extrusion process which allows for simple and cost effective manufacturing relative to prior art 
systems such as was described with respect to FIG. 1 above. Additionally, while shown as being 
generally flat or planar, foe body 202 may be formed to a predetermined shape, such as a desired 
radius, for easier and more effective installation on a given structure. Alternatively, one or more 
I surfaces may be so configured. For example, the ^dew^ujjtor^ of the body 202 
maybe defined as ai shallow, concave curve of substantially the same radius as and exterior of a 

rocket motor casingi252. 

[0057] Likewise, foe cover 204 may be formed of various materials and through various 
I fabrication processes, to certain applications, it may be durable to form foe body 202 and the 
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cover 204 from diffeientmaterials. For example, when using the strain control device 200 in 

uiaM mm^^^^ whifch acpommodates relatively ^ 

^^to*^™*^*"**"- Hoover, itmaybe desirable in such 
circumstances to form the cover 204 from a highly ^teMUy resistant material such as, 
for example, an aramid fiber, commercially known as Keylar®. 

[0058] Referringnow-to FIG. 9, a strain.control device 300 according to another 
embodiment is shown. Tb* strain control device 300 includes a body 302 and a cover 304 
cooperatively mated and interlocked with the body 302. tftf pluraUty of openings 306A- 
3Q6D or ports a*eis Wed along a first end 30* of the body Jffi and a second plurality of 
openings 310A-310t> arefe formed through the opposing tod 312^odyJ02. 

[0059] As seen in FIG. 10, which depicts the body 302 with the cover 304 removed 
therefrom, the first plurality of openings 3Q6A-306D open up into an associated plurality of 
cavities 3l4A-314D formed in a first body section 311. Similarly, the second pluraUty of 
I openhgsMOilO^ 

' bodyseetion313. ie first and second set of cavities 31 4A-314D and 316A-316D are adjoined 
! by an additional set bf openings 3 1 8A-318D, respectively. 

1 [0060] The strain control devtee.300 is thus similar to the embodiment described above 
with respect to FI G i 2 and 3 but allows for multiple transmission lines to be installed in a single 
strain contiol device 300. Additionally, the strain control device 300 includes aplurality of air 
passages 320 which'both reduce the weight of the strain control device 300 and maybe *etn 
commumcationwimca^^ 

passage from the cavities 314 and 316 through the cover 304. One or more openings 321 may be 
placed within the cover 304 in communication With the air passages 320. thereby allowing air to 
flow from the cavities 3 14 and 316 without directly exposing a transmission line 250 contained 
therein to the extemkl environment. 

[0061] Additional voids or compartments may likewise be designed into the strain control 
device 300 to accommodate, for example, ordnahce systems (such as destruct charges 104A - 
see FIG. 1) associated with rocket motors as wili be understood by those of skill in the art. 

[0062] As will be appreciated by those of ordinary; skill in the art, the slrain control 
devices disclosed herein may be arranged in various configurations as is required for specific 
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• 3 * ^^rrtrviat* a hich volume of transmission lines, 
manner in order to afccornmoflate a nign vom.u v 

confiewradons are niore easily obtained. 

add to ft. (Unity if tostalllng *»• «. *M wto*- -* 

,00651 RrftotagnbwteHO. U,.H*.»Ji**«1**-»*«^-*" 
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radius 356. The adapter 350 may also include a cut portibn 358 through the annular body 352 
extending from the inner^radius Matt* to the outer radius mm The cut portion 358 may be 
a simple cut as shown, or it may include the removal of ailarger portion of the annular body 352 
such that the annular body352 is substantially C-shaped with a mouth portion (i.e., like the 
openings 206, 210 and 224 described above with respect to FIG. 33> 

[0066] The adapter 350 is designed such that the hmer radius 254352 is sized and 
configured to fit around a transmission line: of a particular size. The outer radius 356 of the 
adapter 350 is configured to fit within one of the openings 206, 210 and 224 (FIG. 22) of a strain 
control device. The: adapter 350 may then function as the opening into which it is inserted but 
with a different internal diameter so as to frictiohally or *»*ggJe§Buglv. grasp atransmission line 
of a smaller diametet positioned within a body 202, 302. The adapter 350 may be sized and 
configured so as to effect an interference or compression fit between the adapter 2SQ350 and the 
opening 206, 210, 224 into which it is inserted. iThus, by using the adapter 350, a strain control 
device having opembgs 206, 210, and 224 exhibiting a particular size and configuration may 
accommodate transmission lines of numerous sizes and/o? configurations. 

(0067] For example; the body 302 described with respect to FIG. 10 may include multiple 
transmission lines, whewm each transmission line exhibits a different diameter. However, the 
I use of adapters aUowslte; openings mmteM&^mtem^^mMim t<>te 
formed of a single size and configuration if so desired. Likewise, the adapters may be utilized to 
accommodate transmission lines having a cross section which is not substantially circular. For 
example, the shaped destruct charge 104A of FIG. I may be installed by using an adapter having 
an outer surface configured to cooperatively engage a Cshaped opening while the internal 
surface of the adapter 350 is configured to cooperatively engage with the shaped destruct charge. 

(0068] While theirivention may be susceptible to Various modifications and alternative 
forms, specific embodiments have been shown by way of 'example in the drawings and have been 
described in detail herein. HoWever, it should be understood that the invention is not intended to 
be limited to the particular forms disclosed. . Rather, the invention includes all modifications, 
equivalents, and alternatives falling within the spirit and scope of the invention as definedby the 
following appended; claims. 
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